The transport sector is the dominant source of nanoparticles in the urban atmosphere. 14 It is also responsible for about 20-25% of current global CO 2 emissions, a figure that 15 is expected to grow to about 30-50% by 2050 (Fuglestvedt et al., 2008) . One option 16 to counter this trend and contribute to the attainment of carbon emission reduction 17 targets is the use of biofuels in road vehicles. This leads to a reduction in CO, CO 2 18 and particle mass emissions, though particle number emissions may increase. This 19 article discusses the potential impact of the particle number concentrations derived 20 from biofuel vehicles on existing regulatory concerns over atmospheric nanoparticles. 21
1.
Characteristics (Horvath 1994) . 31
It is important to define the term 'nanoparticle' more precisely than simply 'particles 32 in the nanometre size range' as currently used definitions vary. Here, we define them 33 as particles of size <300 nm in diameter for the following reasons: (i) this size range 34 comprises more than 99% of total particle number concentrations in urban 35 environments (Kumar et al., 2008a; Kumar et al., 2009a) , and (ii) this includes the 36 'ultrafine size range (<100 nm)' which comprises up to 80% of the total number 37 concentration of atmospheric particles (Kumar et al., 2008b; Kumar et al., 2008c) . It 38 is the ultrafine fraction of nanoparticles that is largely associated with adverse health 39 effects because of a greater capability to penetrate into the respiratory and 40 cardiovascular systems (Murr and Garza 2009; Oberdörster et al., 2005) and an 41 increased probability of inhalation due to a longer residence time in the atmosphere 42 (Kittelson 1998 Please cite this article as: Kumar, P., Robins, A., ApSimon, H., 2010.Nanoparticle emissions from biofuelled vehicles -their characteristics and impact on the number based regulation of atmospheric particles. Atmospheric Science Letters 11, 327-331. There are currently no regulatory limits anywhere in the world that aim to control the 1 number concentrations of atmospheric particles. Current regulations in the UK, 2
Europe and elsewhere are written in terms of mass concentrations for particles in the 3 size ranges ≤10 (PM 10 ) and ≤2.5 µm (PM 2.5 ). This means that the major proportion of 4 vehicle derived particles in the nanometre size range remains unregulated through 5 ambient air quality standards. Euro-5 and Euro-6 vehicle emission standards are the 6 first ever initiative to control nanoparticle number emissions at their source (EU,  7 2008). These EU standards are applicable to all categories of light-duty diesel 8 vehicles and apply to number emissions of solid particles in the range from 23 to 9 2,500 nm (after removal of volatile material). It is likely that related standards for 10 ambient nanoparticle number concentrations may come into force some time in the 11 future to limit the exposure of the general public to these particles. Such regulations 12 could include particles below 23 nm, as these comprise 30% or more of total particle 13 number concentrations (Kumar et al., 2009a; Stainer et al., 2004) , and exclude 14 particles above 300 nm that make a negligible contribution to total particle numbers in 15 the urban environment (Kumar et al., 2009a 44 indicate that Germany is the largest producer of biodiesel (contributing about 37% of 45 total production), followed by the USA (24%) and Netherlands (13%), with the UK 46 ranked sixth (at 4%). On the other hand, the USA contributes 54% of total bioethanol 47 F o r P e e r R e v i e w production, with Brazil the next largest producer (37%) followed by China (4%); the 1 UK was ranked ninth with only 0.2% of the total production (Bacovsky et al., 2009). 2 3
Technical advantages of using biodiesel rather than petroleum-based diesel in 4 vehicles include a greater cetane number and absence of sulphur contents. The latter 5 reduces corrosion and prevents sulphur poisoning of after-treatment systems. The 6 high oxygen content (11%) in biodiesels reduces elemental carbon emissions (Jung et 7 al., 2006) . Disadvantages include a lower energy density (which results in a greater 8 fuel requirement to achieve the same power output), greater viscosity (which 9 adversely affects spray formation), higher pour and cloud points (which limit winter 10 operation) and lower oxidative stability (which shortens storage life); Jung et al.
(2006). 12

Nanoparticle emissions
13
Somewhat inconsistent and limited information is available in the literature on 14 particle number emissions from biofuelled vehicles. Increased emissions are generally 15
but not always observed and the reason for such inconsistencies are not properly 16
understood. The matter is complex because particle number distributions are very 17 sensitive to the level of dilution and heating prior to sampling, engine operating 18 conditions, the type and strength of biofuel blends and the specific vehicles used 19 (Lapuerta et al., 2008) . 20 However, the majority of studies indicate that, irrespective of the type of biofuel (pure 27 or blended) and engine used, particle number emissions were somewhat larger for 28 biofuelled vehicles than conventionally fuelled vehicles; emissions ranging from 29 about 1.4 × 10 11 to 4.5 × 10 14 # km -1 for biodiesels, compared with about 1. final outcome of toxicological studies, biofuel derived nanoparticles will clearly have 1 some potential impact on public health, meaning that they may remain a matter of 2 concern, at least until detailed information is available on their toxicological and 3 epidemiological character. 4
5.
Summary and concluding remarks 5 The use of biofuels in road vehicles has a considerable potential for reducing the 6 transport sector's reliance on fossil fuels as well as reducing emissions of common air 7 pollutants and greenhouse gases. 
